Suga's Letter to the Editor in this issue (Suga 2008) is in response to my Review published in Learning & Memory early last year (Weinberger 2007) . He objects to my characterization and critique of the Gao-Suga model. He also argues that our model is wrong in positing a key role for the magnocellular medial geniculate/posterior intralaminar nucleus (MGm/PIN) of the auditory thalamus in learning-induced auditory cortical tuning shifts and behavior. However, Suga's letter does not actually defend the Gao-Suga model (Suga and Ma 2003) that I reviewed. Rather, he sets forth a new (previously unpublished) version, without so informing the reader. He then attempts to nullify my critique that his original model omitted the MGm/PIN by discussing his new model, which does incorporate these nuclei, albeit with dubious functions. This slight-of-hand and other sweeping claims preclude the possibility of an adequate response in this limited format because more space is needed to explain errors of fact and logic than to promulgate them. Thus, we cannot include an adequate review of Suga's revised model. Neither can an explication, defense, or summary of our model and its tested predictions be presented. Readers should consult the target article for such information about our model and for a broad review of auditory associative representational plasticity (Weinberger 2007).
The magnocellular medial geniculate nucleus [4] Much of my critique of Suga's model involves the fact that it completely ignores the MGm/PIN. This component of the thalamic auditory system receives convergent auditory and somatosensory (shock) information and projects to all regions of the auditory cortex and to the lateral amygdala. Suga's response is to the effect that he didn't ignore the MGm (see more below). Figure 1A presents Suga' s original model. Inspection shows that the MGm/PIN and its important connections to the auditory cortex and amygdala are absent. Thus, Suga's original model does ignore the MGm.
We can now consider Suga's revised model insofar as it includes the MGm/PIN (MGBm in his terminology). He argues that it is not involved in associative learning, particularly in fear conditioning. " Suga (2008) hypothesizes that the MGBm is involved in the non-specific plasticity (general augmentation) of cortical neurons elicited by unpaired CS and US (Fig. 1, dashed arrows) [ Fig. 1 
in his Letter], not in the tone-specific plasticity (BF shift) elicited by paired CS and US."
If Suga is correct, then the MGm/PIN should exhibit plasticity to both a (tonal) conditioned stimulus (CS) and a (shock) unconditioned stimulus (US) during random or unpaired presentations. Moreover, according to Suga, the MGm should not develop associative plasticity, particularly CS-specific tuning shifts. Suga's hypothesis has already been tested repeatedly in many laboratories. The results are the opposite of his predictions. That is, the MGm develops CS-specific plasticity and tuning shifts only when an acoustic CS is paired with a US (e.g., shock); i.e., MGm plasticity is associative. In contrast, during sensitization, in which a tone and shock are not paired, specific plasticity does not develop in the MGm. These findings have consistently been replicated across laboratories and species. No studies have reported the results that are predicted by Suga's hypothesis. Table 1 summarizes the results of 25 studies of the MGm/PIN and conditioning.
Although he ignores the literature demonstrating associative plasticity in the MGm/PIN, Suga claims (earlier in his letter) that many laboratories have found tuning shifts ". . . without CS-US association in the MGBm and PIN." Suga cites 21 studies in support of his claim. One would then expect that at least some of these studies would have recorded in the MGm/PIN during the formation of learning-induced auditory tuning shifts, and failed to find any associative plasticity therein. Unless such recordings were made in the MGm/PIN during learning, how could one conclude that there was no "CS-US association" in this part of the auditory thalamus? However, not a single study cited actually recorded in the MGm/PIN.
Six of the studies cited found conditioning-elicited tuning shifts in the inferior colliculus of the bat Suga 1998, 2000; Ji et al. 2001 Ji et al. , 2005 Suga 2003, 2007 (Bakin and Weinberger 1996; Bjordahl et al. 1998 ) and specific frequency expansion in the primary auditory cortex (A1) (Kilgard and Merzenich 1998) . We inaugurated NB stimulation studies to test an important aspect of our model (Weinberger et al. 1990a,b) , viz., that during natural learning the NB releases acetylcholine (ACh), which promotes long-term storage of information in the auditory cortex (Fig. 1B) . Therefore, the fact that tone paired with NB stimulation does induce specific tuning shifts in the auditory cortex supports our model, and is admittedly the basis for Suga including the NB in his model (Gao and Suga 2000) .
However, of greater importance for Suga's arguments, all of the stimulation studies are irrelevant to the issue of the MGm/ PIN. Reductionistic analysis is based on the ability to manipulate 1 components of a circuit to test a hypothesis. How can the induction of plasticity by stimulation of one brain region demonstrate that another brain structure does not develop plasticity? According to Suga's logic, one can eliminate a brain structure as normally being involved in a process merely by finding another brain region whose stimulation can induce the same process. Applying this type of reasoning to, e.g., audition, one would conclude that the ear is not normally involved in hearing because stimulation of the auditory nerve can produce sensations of sound.
Tuning shifts to tone alone presentation [3] and echolocating bat as general mammalian model [6] These two topics will be discussed together because the fact that tuning shifts develop to presentation of tone alone is a major reason for concluding that the echolocating bat is not a good model for general mammalian auditory learning and plasticity.
An extensive literature beginning in the 1960s attests to the fact that repeatedly presenting a sound by itself leads to decrements in neural response from the inferior colliculus (IC) to the auditory cortex. When appropriately tested, such decrements can be attributed to habituation, i.e., learning to lessen or stop responding to a stimulus that has no other behavioral consequences (Sokolov 1963; Thompson and Spencer 1966; Fig. 2) . Table 2 summarizes a representative sample of such studies. Note that the findings of neural response decrement have been found consistently and in a wide variety of taxa, including humans. In stark contrast to prior findings, Suga finds increased responses and frequency tuning shifts to the repeated stimulus in the big brown bat (Eptesicus fuscus) (e.g., Gao and Suga 1998) , a characteristic basic to his studies and theorizing.
Suga argues that "habituation did not interfere with the BF shifts," but that is not the point. The point made in the target paper is that increased responses and tuning shifts toward/to the repeated frequency are unique to the big brown bat. Why this bat develops shifts directed to the repeated frequency is unknown but may reflect the fact that the sounds are actually echolocating stimuli (brief, high-frequency pulses) rather than steady pure tones. The latter have no ecological significance and thus have been widely used in studies of learning because behavioral relevance can be attached to them arbitrarily. In contrast, echolocating sounds are likely to have ecological significance to echolocating bats. Thus, tuning shifts may reflect retuning the auditory system to emphasize their processing. In any event, the finding of shifts rather than decrements, which is not in dispute, renders this animal a poor general mammalian model for auditory-based learning.
Muscimol cortical inactivation effects [1]
Suga's original model requires that the tonal CS and shock US are projected from A1 and the primary somatosensory cortex (S1), (Suga and Ma 2003) . Note the pathways for the tone CS and the shock US ascend to the auditory and somatosensory cortices, respectively, and first converge in association cortex. The MGm/PIN complex of the medial geniculate, which has long been established as a site of tone-shock convergence, is not included in this model. For a detailed analysis of this model, see Weinberger (2004b Weinberger ( , 2007 . For a related prior exchange of letters, see Suga et al. (2004); Weinberger (2004a) . (B) The Weinberger and associates model (Weinberger 1998; Weinberger et al. 1990a,b) . This model proposed the minimal circuitry that could account for CS-specific associative retuning of the primary auditory cortex and the elicitation of some behavioral signs of fear conditioning. Note that the cholinergic nucleus basalis is located "downstream" of ascending tone and shock information, which converges in the MGm/PIN. Cortical retuning is hypothesized to depend upon the convergence in A1 of (1) specific lemniscal auditory input conveying CS parameters to Layers III-IV, (2) MGm/PIN input to Layer I signaling subcortical association that promotes short-term retuning, and (3) cholinergic input that promotes long-term retuning. Reprinted from Weinberger (2004b) , with permission from Nature Publishing Group © 2004.
respectively, to converge in association cortex (Fig. 1A ) (Suga and Ma 2003) . Aside from the fact that fear conditioning does not require any cerebral cortex (for review, see Weinberger 2007), Suga and colleagues relied on muscimol inactivation of the primary somatosensory cortex to conclude that this region was essential for conditioning and tuning plasticity. The problem is that radiolabeling studies of muscimol diffusion reveal a spread of inactivation of several millimeters for even smaller doses (Edeline et al. 2002) . However, as S1 in the big brown bat is practically touching A1, the latter could have also been inactivated as well. To contest this, Suga and colleagues present figures showing no change in A1. They also stated that application at a dorsalposterior region (presumed to be visual cortex) was without effect on A1. There are two reasons why workers remain skeptical of their conclusions. First, no group data or statistical evaluations have ever been presented, only exemplar figures. Second, application of muscimol over the visual cortex would be at a greater distance from A1 than application in S1, and also any ventrolateral diffusion would pass posterior to A1 (Fig.  3) . However, if statistical verification of the claim that S1 is essential for conditioning is forthcoming, then the findings will support the view that the big brown bat differs from other mammals in its reliance upon the cerebral cortex for fear conditioning.
Thalamic reticular nucleus [2]
The Suga model holds that the putative positive feedback loop between the auditory cortex and inferior colliculus is terminated by the thalamic reticular nucleus (TRN), which inhibits the ventral medial geniculate nucleus (MGv). I pointed out that A1 continues to receive good auditory information during and after learning. Suga thinks this is overly simplistic and appeals to a suggestion by Villa et al. (1991) regarding the TRN and adaptive filtering. Villa may well be correct, but Suga's model would require the auditory cortex to "instruct" the TRN not to permit the extra tone-evoked spikes induced by learning (from the inferior colliculus) to be blocked at the MGv. How might the auditory cortex distinguish between the extra spikes caused by learning from those spikes that are not so caused? It would be appropriate for Suga to explicate the TRN component of his model rather than invoke the TRN carte blanche.
Lack of behavioral validation of associative conditioning [5]
Suga and colleagues had provided no behavioral validation of associative behavioral conditioning to tone since their first report and used a fixed intertrial interval, which is subject to temporal conditioning (Gao and Suga 1998) . Suga has recently provided cardiac conditioning (bradycardia) records that appear to substantiate his claim of associative learning. This is most welcome. However, the findings are confusing. The figures (Fig. 2 , Suga [2008] ) show time (min) on the abscissa, which would indicate change in heart rate across a 30-min session. If so, then the cardiac conditioned response is not normal; it is dissipating over trials, reaching its maximum effect slightly less than halfway through a 30-min session, and returning to baseline by the end of the session ( Fig. 2A in Suga 2008) .
Proposed experiments
In an Appendix, Suga suggests that my lab perform experiments on the MGm/PIN, including stimulation and inactivation, to test his hypothesis that the MGm/PIN is involved only in pseudoconditioning, not association, and cortical shifts. It's already known that sound paired with stimulation of the MGm/PIN produces long-term potentiation of sound-elicited responses in A1 . Nevertheless, although it is unclear why Suga has not performed such studies, we will be happy to do them in parallel with his lab provided that (1) sufficient funds become available and (2) Suga explains why he ignores/rejects the overwhelming evidence that the MGm/PIN develops associative plasticity.
He also wants us to perform experiments on temporal conditioning and muscimol inactivation of somatosensory cortex. Figure 2 . Retuning in the primary auditory cortex during learning. Changes in frequency tuning (mean ‫ע‬ SD) expressed as receptive field (RF) differences (post ‫מ‬ pre) for conditioning (A) and habituation (B). Values are expressed as distance (octaves) from the frequency of the paired tone (CS) for conditioning and the repeated tone for habituation. Note the specificity of the tuning plasticity, with a large increase only at the CS frequency for conditioning and marked decrement at the repeated frequency for habituation. Reprinted from Weinberger (1995) , with permission from MIT Press © 1995. Gabriel et al. (1975 ) Rabbit Yes Gabriel et al. (1976 Rabbit Yes Disterhoft and Stuart (1976) Rat Yes Ryugo and Weinberger (1978) Cat Yes Birt et al. (1979) Rat Yes Birt and Olds (1981) Rat Yes Weinberger (1982) Cat Yes Jarrell et al. (1986) Rabbit Yes LeDoux (1986) Rat Yes Edeline et al. (1988) Rat Yes Supple and Kapp (1989) Rabbit Yes Edeline et al. (1990) Rat Yes Edeline (1990) Rat Yes Edeline and Weinberger (1992) Guinea pig Yes Hennevin et al. (1992) Rat Yes Lennartz and Weinberger (1992) However, as Suga has made the claims that his data are unblemished, it is customary for the claimant to provide evidence to support his own claims. Suga also wants us to determine if tuning shifts develop to repeated acoustic stimulation and if there is habituation to other frequencies. This has already been done, as discussed above (see also Fig. 1B) . The answers are "no" and "no."
Finally, Suga wants us to determine ". . . whether the BF shift of the MGBm can be elicited by auditory fear conditioning without the collicular BF shift." This request is truly confusing because Suga holds that there are no associative tuning shifts in the MGBm (MGm/PIN), as he states that it is involved only in pseudoconditioning, But as he now apparently hypothesizes that shifts in the inferior colliculus cause shifts in the MGBm, it is incumbent upon him to test this hypothesis.
Conclusions
Suga and his associates are performing an important service by their investigations of the functions of the auditory system's descending connections. However, their approach is too focused on supporting a highly problematic model. This exchange of letters does not merely constitute a technical dispute or reflect a chaotic state of knowledge in associative representational plasticity in the auditory system. Rather, it documents two distinct approaches to behavioral neuroscience. Suga's letter reveals a failure to acknowledge prior findings that are inconsistent with his model and a commitment to claims at the expense of logic. Both are evident in arguments against the MGm/PIN in associative learning and plasticity on the one hand, and for the echolocating bat as a general mammalian model on the other hand. The canons of science require the opposite approach. Figure 3 . Diagrammatic representation of the left cerebral hemisphere (dorsolateral surface view) of the big brown bat (E. fuscus). Note the close proximity of the primary somatosensory cortex to the primary auditory cortex. The latter is within the limits of diffusion of muscimol applied to the former. (A1) Primary auditory cortex, (CBL) cerebellum, (IC) inferior colliculus, (m.c.a.) middle cerebral artery, (S1) primary somatosensory, (SC) superior colliculus. Reprinted from Gao and Suga (1998) , with permission from the National Academy of Sciences of the USA © 1998. Dunlop et al. (1964) Cat Yes Dunlop et al. (1966) Cat Yes Buchwald et al. (1966) Cat Yes Hall (1968) Rat Yes Cook et al. (1968) Cat Yes Wickelgren (1968) Cat Yes Halas and Beardsley (1969) Cat Yes Kitzes and Buchwald (1969) Cat Yes Holstein et al. (1969) Cat Yes Halas et al. (1970) Cat Yes Webster and Bock (1971) Rat Yes Webster and Aitkin (1971) Cat Yes Weinberger et al. (1975) Cat Yes Cat Yes Cat Yes Condon and Weinberger (1991) Guinea pig Yes Maho et al. (1995) Rat Yes Ulanovsky et al. (2003) Cat Yes Sakai (2007) Rat Yes Rosburg et al. (2002) Human Yes Rosburg et al. (2006) Human Yes Gao and Suga (1998) Bat No Gao and Suga (2000) Bat No
